Kepler's

Empirical Equations

orbit of Pluto —

orbit of Earth

orbit of Uranus

orbit of Jupiter

orbit of Mercury

The famous German astronomer Johannes
Kepler (1571-1630) studied a vast amount of
detailed astronomical data and found three
empirical mathematical relationships within
these data. Empirical equations are based solely
on data and have no theoretical foundation.
Often, however, an empirical equation will
provide scientists with insights that will lead
to a hypothesis that can be tested further.

In this chapter, you will learn the significance
of Kepler’s empirical equations. First, however,
you will examine the data below, which is
similar to the data that Kepler used, and look
for a relationship.

Orbital radius Orbital period
R(AU)* T(days)

Mercury 0.389 87.77
Venus 0.724 224.70
Earth 1.000 365.25
Mars 1.524 686.98
Jupiter 5.200 4332.62
Saturn 9.150 10 759.20

* One astronomical unit (AU) is the average distance from
Earth to the Sun, so distances expressed in AU are fractions
or multiples of the Earth’s average orbital radius.

From the data, make a graph of radius (R)
versus period (7). Study the graph. Does the
curve look like an inverse relationship, a
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logarithmic relationship, or an exponential
relationship? Choose the type of mathematical
relationship that you think is the most likely.
Review Skill Set 4, Mathematical Modelling and
Curve Straightening, and make at least four
attempts to manipulate the data and plot the
results. If you found a relationship that gives
you a straight-line plot, write the mathematical
relationship between radius and period. If you
did not find the correct relationship, confer with
your classmates to see if anyone found the cor-
rect relationship. As a class, agree on the final
mathematical relationship.

Analyze and Conclude

1. When Kepler worked with astronomical data,
he did not know whether a relationship
existed between specific pairs of variables.

In addition, Kepler had no calculator — he
had to do all of his calculations by hand.
Comment on the effort that he exerted in
order to find his relationships.

2. Think about the relationship between the
radius of an orbit and the period of an orbit
on which your class agreed. Try to think of
a theoretical basis for this relationship.

3. What type of additional information do you
think that you would need in order to give
a physical meaning to your mathematical
relationship?
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